Philip Ellman, whose work this lecture is intended to commemorate, died just over eight years ago. He was above all a clinician, interested in the problems of individual patients. His contributions to the science of medicine were those of an astute clinical observer, endowed with the gift of describing his observations clearly, both in speech and in writing. His principal interests were in two fields: the chronic respiratory diseases, including tuberculosis, and the rheumatic diseases. He participated actively in the meetings of this Section and of the Clinical Section of this Society. It was at a joint meeting of this Section and the Section of Physical Medicine in 1947 that he referred for the first time to the possibility that chronic lung changes might be associated in some specific way with rheumatoid arthritis,'mentioning briefly a case of rheumatoid arthritis with splenomegaly, hepatomegaly, lymphadenopathy and leukopenia, and widespread radiographic changes in the lungs which at necropsy were found to be due to 'a curious chronic fibrosing broncho-pneumonic lesion' (Ellman 1947) . Subsequently, he published further clinical and pathological contributions to knowledge at this meeting-point of his two main interests. There is now a very large literature on the associations between rheumatoid arthritis and changes in the lung and pleura; and many of the authors who have written on this difficult subject have started by referring to these early observations of Philip Ellman's. It therefore seems appropriate to devote this lecture to this subject. I propose to consider, first, the evidence which suggests that certain types of morbid change in the lungs and pleura may be related in some way to rheumatoid arthritis; and, second, the possible nature of any such relationship.
Respiratory Disease Associated by Chance with Rheumatoid Arthritis It is important, at the outset, to recognize that rheumatoid arthritis is a common disease; hence, it is to be expected that a proportion of patients with any other disease will suffer also from rheumatoid arthritis. Kellgren et al. (1953) found in a survey of an urban population that 1-4% of men and 3-3 % of women had clinical evidence of rheumatoid arthritis; in the sixth decade of life the proportions were as high as 4% and 9% respectively. It has been suggested that patients with rheumatoid arthritis may be especially prone to common respiratory diseases (Aronoff et al. 1955 , Walker 1967 . Walker (1967) found a significantly higher incidence of illnesses diagnosed as chronic bronchitis and pneumonia in men with rheumatoid arthritis as compared with men with degenerative joint disease. In both sexes, he found 'bronchiectasis' more frequently in rheumatoid arthritis patients; in most, the symptoms attributed to bronchiectasis had preceded the onset of the arthritis. These findings would generally be interpreted in terms of a predisposition of patients suffering from one disease to develop another, etiologically distinct, disease.
(1) Nodules having a histological structure similar to that of the subcutaneous nodules of rheumatoid arthritis ('rheumatoid nodules').
(2) Pleural effusions, sometimes associated with pleural nodules or plaques. (3) Widespread diffuse chronic inflammatory changes in the peripheral gas-exchanging part of the lungs, leading to fibrosis.
Nodules in Lung andPleura
The appearance of multiple, radiographically evident nodules in the lungs of persons who, having been exposed to dust, have radiographic evidence of pneumoconiosis and also suffer from rheumatoid arthritis constitutes the well-recognized Caplan's syndrome. Much more rarely, rather similar nodules have been described in patients with rheumatoid arthritis, without pneumoconiosis and without unusual dust exposure. Caplan (1953) first observed multiple, round, well-defined opacities, scattered over the lungfields but tending to a peripheral distribution, in the chest radiographs of a very small proportion of coalminers claiming pneumoconiosis disability benefit. The appearance differed from that of the usual type of progressive massive fibrosis in several respects; in the wide distribution and multiplicity of the nodules, in being associated with relatively slight disability, and in developing rapidly, often in men who had only a mild simple pneumoconiosis. It was found to occur in men who had clinical evidence of rheumatoid arthritis, and an epidemiological study confirmed this association (Miall et al. 1953) . Gough et al. (1955) showed that these nodules contained necrotic collagen and dust, and many of them had a histological structure resembling that of rheumatoid nodules. Subsequently, similar nodules have been described in subjects with rheumatoid arthritis exposed to asbestos (Rickards & Barrett 1958 , Tellesson 1961 and to dust in a variety of other industries; in iron-founding (Caplan et al. 1958) , in tile-making (Hayes & Posner 1960) , in boiler-scaling (Campbell 1958) , and in manufacture of artificial grinding-wheels (Posner 1960) . It has been shown also that coal-miners with simple pneumoconiosis showing certain types of unusually coarse generalized nodular radiographic pattern show a high prevalence of rheumatoid arthritis and of positive tests for rheumatoid factor in the blood-serum even in those without arthritis (Caplan et al. 1962) .
The subcutaneous nodule of rheumatoid arthritis has a characteristic histological structure, consisting in a central zone of fibrinoid necrosis, an intermediate zone of histiocytes and fibroblasts, radially disposed in palisade fashion where they abut on the necrotic zone, and a peripheral zone of connective tissue with lymphocytes and plasma cells (Collins 1937 , Bennett et al. 1940 heart, pericardium and spleen (Gruenwald 1948) ; heart, diaphragm and kidneys (Bevans et al. 1954) ; heart (Christie 1954) ; sclera, heart, spleen and cerebral dura mater (Maher 1954) ; but in most, they have been described in the lungs only. In the lungs, they are usually multiple, but often appear successively. They are generally 1-2 cm in diameter, but may be considerably larger; in Case 3 of Christie (1954) a massive encapsulated nodule in the right upper lobe was 7 cm in diameter, and in a case reported by Mattingley (1964) a thoracotomy was undertaken on a provisional diagnosis of carcinoma. Not infrequently they cavitate, the necrotic central part presumably undergoing liquefaction and being discharged into an airway (Dumas et al. 1963 , Locke 1963 , Noonan et al. 1963 , Yates 1963 , Portner & Gracie 1966 , Ramirez-R & Campbell 1966 , Stengel et al. 1966 , Burrows 1967 , Panettiere et al. 1968 . They may also ulcerate into the pleura causing spontaneous pneumothorax or hydropneumothorax (Morgan & Wolfel 1966 , Portner & Gracie 1966 , Burrows 1967 , Rubin et al. 1967 or even pyopneumothorax (Davies 1966 it is necessary to demonstrate either a higher incidence than in a suitably chosen control group or some feature or features which distinguish effusions in patients with rheumatoid arthritis from others before it can be suggested that pleural effusion may be specifically related to rheumatoid arthritis. Walker & Wright (1967) , studying 516 patients with rheumatoid arthritis and 301 with degenerative joint disease, found that among the males those with rheumatoid arthritis had a significantly higher incidence of a history of pleurisy within five years of the onset of the joint symptoms; pleural effusions not attributable to other disease occurred during the course of the arthritis in 7-9% of men and 1-6% of women, and in only 2 of the 301 patients with degenerative joint disease. Review of 65 reported cases confirms a higher incidence among men; 53 were in men and 12 in women. Carr & Power (1960) and Carr & Mayne (1962) first reported a low glucose content in pleural effusions in patients with rheumatoid arthritis. In 8 of 9 cases investigated, the glucose level was less than 17 mg/100 ml. This has subsequently been confirmed in small numbers of cases by Berger & Seckler (1966) , Dodson & Hollingsworth (1966) , and Portner & Gracie (1966) , though Walker & Wright (1967) found a low glucose content in only 2 of 8 cases. The glucose content of pleural effusions apparently associated with rheumatoid arthritis was measured in 3 patients under my care; in 2 (one of whom is mentioned above) it was less than 25 mg/100 ml, the lowest limit of the method used, and in the third it was estimated on two occasions and found to be 26 and 23 mg/100 ml. Synovial fluids from joints affected by rheumatoid arthritis have been found to have a similarly low glucose content (Ropes & Bauer 1953 , Ropes et al. 1960 . Dodson & Hollingsworth (1966) and Carr & McGuckin (1968) showed that the glucose content of 'rheumatoid' pleural effusions was very little or not at all raised by glucose administration which raised the blood glucose level. Dodson & Hollingsworth (1966) found that there was no blockade of the transport of D-xylose into the pleural fluid. Carr & McGuckin (1968) found that in malignant pleural effusions the glucose content followed blood levels, and that in both 'rheumatoid' and malignant pleural effusions urea levels followed blood levels; in vitro, pleural fluids from patients with rheumatoid arthritis showed no unusual glycolytic activity.
In a number of reported cases, as in the one described above, pleural effusions have been associated with subpleural intrapulmonary rheumatoid nodules (Ellman et al. 1954 , Flatley 1959 , Robertson & Brinkman 1961 , Ward 1961 , Sieniewicz et al. 1962 , Berger & Seckler 1966 , Davies 1966 , Ferguson 1966 , Portner & Gracie 1966 -2 cases, Stengel et al. 1966 , Burrows 1967 , Rubin et al. 1967 . Biopsy of the thickened parietal pleura may show a histological pattern suggestive of a rheumatoid nodule (Berger & Seckler 1966 , Portner & Gracie 1966 , Verhaeghe et al. 1967 , or nonspecific fibrosis (Davies 1966 Rubin (1955) and by Stack & Grant (1965) . Histologically, they fall into the general category which is often described as 'diffuse interstitial fibrosis' but which I prefer to call 'fibrosing alveolitis' (Scadding 1964 cough with scanty mucoid sputum. During the next year, he lost more than 20 lb (9 kg) in weight. He was admitted to Brompton Hospital at the age of 64. There was some swelling of the proximal interphalangeal joints of the hands and of the right knee, and limitation of movement of the elbows and of the left shoulder. Radiographs of the hands showed loss of bone density near the interphalangeal joints and some small erosions in two fingers. The latex fixation test for rheumatoid factor (LFIT) was very strongly positive, as was the DAT to a titre of 1:128. There was no clubbing of the fingers. Fine crepitations were heard over the lower parts of the lungs. Chest radiography showed mottled shadowing above the diaphragm in both lungs (Fig 7) .
Tests of lung function showed a moderate restrictive ventilatory defect, the forced vital capacity (FVC) being 2-5 litres of which the volume expired in the first second (FEV1) was 2-1 litres; and a moderate defect in gas transfer, the carbon monoxide transfer factor by the steady state method (T.) being 8-2 ml/ min/mmHg at the high minute ventilation of 15-3 litres at rest and 12-3 at a minute ventilation of 31-2 litres on exercise. Prednisolone, starting at 30 mg/day, produced relief of the joint symptoms, but no change in the dyspnoea, the tests of lung function, or the radiographic appearances of the lungs. Rather less than a year later, he died with an exacerbation of respiratory symptoms probably due to an intercurrent infection. At necropsyl, which was limited to the thorax, there were dense scattered pleural adhesions; the lungs were firm and felt nodular. Microscopically, there was cellular and fibrotic thickening of alveolar walls, patchily distributed (Fig 8) ; many alveoli contained masses of cells of varied types; in some alveoli organization of exudate was adding to the fibrosis, and in a few there were small foci of ossification (Fig 9) ; and there was some terminal bronchopneumonia.
Case 3 In 1950, a man then aged 37 was investigated for dyspepsia and found to have a duodenal ulcer. At this time he was noticed to have persistent crepitations and an abnormal radiographic pattern at the bases of the lungs. He had gross clubbing of the fingers which he had first noticed many years earlier. Pain in the joints, principally the hands, knees, shoulders and ankles, began in 1952. In December 1953 a chest radiograph showed changes similar to those observed three years earlier, consisting in fine reticulonodular shadowing, throughout the right and in the lower part of the left lung. In 1956 nodules appeared on the elbows. I first saw him at Brompton Hospital in 1958, when he was aged 44. He was now complaining chiefly of dyspncea on exertion which had been increasingly troublesome for six months. There was very gross drumstick clubbing of the fingers and toes; 1I am indebted to Dr Eunice Hurworth for information about the necropsy findings Radiographically, the lungs now showed mottling throughout the right and in the lower two-thirds of the left lung, with fine 'honeycombing', mainly at the bases (Fig 10) . The DAT was positive at a titre of more than 1:64. The nodule from the elbow was removed and showed the histological structure of a rheumatoid nodule. A small left thoracotomy showed moderately severe fibrous and fibrinous pleural adhesions. The lung felt indurated and as if it contained nodules up to 3 mm in diameter. A biopsy specimen was removed from the lower lobe and showed great cellular and fibrous thickening of alveolar walls, most of the cells being lymphocytes and plasma cells, with some aggregations of lymphocytes; some alveoli contained large mononuclear cells; in places the fibrosis had become confluent, replacing normal lung architecture, and causing the palpable nodules (Figs 11 and 12 ). In published reports of the histological findings in the lung at biopsy or necropsy in patients with rheumatoid arthritis and pulmonary fibrosis (Brannan et al. 1964 , Cruickshank 1959 , Cudkowicz et al. 1961 , Dixon & Ball 1957 , Edge & Rickards 1957 , Ellman & Ball 1948 , Flatley 1959 , Gresham & Kellaway 1958 , Katz & Auerbach 1951 , Locke 1963 , Ognibene 1960 , Price & Skelton 1956 , Ramirez-R & Campbell 1966 , Rubin 1955 , Rubin et al. 1967 ) the most constant findings are thickening of alveolar walls by cellular infiltration, principally by lymphocytes, plasma cells, histiocytes and fibroblasts, and by fibrosis, and the presence of large mononuclear cells, classified variously as macrophages, alveolar phagocytes, or alveolar lining cells, in the alveolar spaces. In some instances, the condition had progressed to macroscopic honeycombing. In some, hyperplasia of lymphoid tissue was noted. The pattern therefore conformed, as in my cases, to that of fibrosing alveolitis of the mural type. Additional features, observed in a few cases only, were thickening of walls of arterioles, and involvement of bronchioles. In most, there was no feature of the histology suggestive of the structure of a rheumatoid nodule, and nothing to distinguish it from that of the mural type of fibrosing alveolitis occurring in patients without arthritis. In a small number of cases, however, this sort of lung change was accompanied by rheumatoid nodules in the lung or pleura (Cruickshank 1959 (Cudkowicz et al. 1961 , Flatley 1959 (Scadding 1967) . A disease may be defined as 'the sum of the abnormal phenomena displayed by a group of living organisms in association with a common characteristic or set of characteristics by which they differ from the norm for their species in such a way as to place them at a biological disadvantage'. An individual disease is defined by the common characteristic which distinguishes the group of organisms (patients, in human medicine) upon the study of which its description is based. The common characteristic may be of several disparate types: among these the more frequently used are recognizable complexes of clinical symptoms and signs (syndromes), macroscopic or microscopic structural changes, disorders of function, and causative agents.
The basis of definition of 'fibrosing alveolitis' has already been discussed. It is morbidanatomical; the clinician in making this diagnosis is forecasting, on the basis of information available to him, what the pathologist will find if the occasion arises. The nearest approach to a definition of rheumatoid arthritis that I can find is the 'diagnostic criteria' recommended by the American Rheumatism Association (Ropes et al. 1959) or modifications of them (Kellgren 1962 ).
We may note that diagnostic criteria are logically distinct from defining characteristics (Scadding 1967) . Only for a disease defined on a clinicaldescriptive or syndromal basis will the defining characteristics necessarily be included in, and constitute the major part or even the whole of the diagnostic criteria. It is evident, therefore, that at present, rheumatoid arthritis is defined on a syndromal basis. It is true that the 11 main criteria of the ARA include 2 histological ones (changes in synovial membrane or nodules) and one serological, but these constitute possible, but not essential, parts of a complex of symptoms and signs.
The ARA criteria are to be regarded as offering an 'operational' definition whose chief purpose is to ensure that different observers refer to comparable cases when they use the same words. Evidently, these words should not be allowed to convey etiological implications. Criteria of diminishing grades of stringency are provided for 'classical', 'definite', 'probable', and 'possible' rheumatoid arthritis; these must not be taken to be more than a means of indicating various grades of resemblance to an 'ideal' clinical picture. Unfortunately, they can all too easily be taken to imply varying degrees of confidence that a hypothetical specific agent or factor or set of factors is causing the observed symptoms and signs. The hypothesis that rheumatoid arthritis is oetiologically specific, and will eventually be definable on an etiological basis, may of course be true; but it has not yet been proved to be so. It is almost irresistibly implied by the term 'rheumatoid disease'. Since the discovery that a variety of non-articular lesions may be observed in patients with rheumatoid arthritis this term has been used by some observers to include both articular and non-articular changes. But words must not be allowed insensibly to imply unproved hypotheses. In my view, 'rheumatoid disease' would be tolerable only if it were clearly and universally understood in a strictly descriptive sense, and defined in some such terms as 'the sum of the abnormal phenomena displayed by patients with the syndrome of rheumatoid arthritis, and thought to be related in some way to that syndrome'. But I doubt whether in this very broad sense the term has any useful application, and consider that the observed phenomena can be better expressed and discussed by accepting an operational definition of rheumatoid arthritis in clinical-descriptive terms, and describing the visceral changes occasionally found in patients with this syndrome in the most appropriate and precise terms (which will usually be morbidanatomical). For each type of visceral change the evidence suggesting an association with rheumatoid arthritis and the possible nature of any association which is established can then be discussed.
We have therefore to decide whether the association between rheumatoid arthritis, defined on a clinical-descriptive or syndromal basis, and fibrosing alveolitis, defined on a morbid-anatomical basis, is more than a chance concurrence. On the whole, rheumatologists have tended to doubt whether there is any specific relationship, largely because of most of those who have surveyed large numbers of cases of rheumatoid arthritis have found an extremely low proportion with lung changes. Aronoff et al. (1955) in a comparative study concluded that various 'nonspecific' pulmonary lesions appeared to be rather more frequent in the rheumatoid patients than in the control series, but no one particular lesion was outstanding. Short et al. (1957) compared 293 patients with rheumatoid arthritis with an equal number of controls, and found 'no clinical or roentgenographic evidence of pulmonary lesions as systemic manifestations of rheumatoid arthritis '. Horler & Thompson (1959) reported that of 180 patients with rheumatoid arthritis one had 'honeycomb lung' and one pleural effusion and patchy lung fibrosis. Talbott & Calkins (1964) Price & Skelton (1956) and Lee & Brain (1962) . (3) Even though they are infrequently associated, two diseases may be wtiologically related. It may be doubted whether, at the time when lupus vulgaris and phthisis were definable only on a clinical-descriptive basis, statistical studies would have suggested that these two diseases are associated through a common etiological agent.
The demonstration of their relationship depended upon the recognition, first of common elements in morbid histology, and finally of a common causative agent. Indeed, Virchow opposed the idea that lupus was 'scrofulous' and it was not until Friedlander in 1873 studied its histology that it was accepted as tuberculous (Webb 1936) . Nevertheless, in relation to fibrosing alveolitis and rheumatoid arthritis, the fact that both diseases occur much more frequently without than with the other, and that they have few common features beyond their occasional concurrence makes an identity of causal factors improbable. (4) There remains for consideration the possibility that both diseases are multifactorial in causation, and that they share one or more common pathogenetic factors.
It has been suggested that rheumatoid factor might contribute to the pathogenesis of pulmonary fibrosis, by forming complexes with y-globulin which might be deposited in pulmonary capillaries (Tomasi et al. 1962) . Tests for rheumatoid factors in the blood serum are frequently positive in patients with fibrosing alveolitis but without arthritis (Franklin et al. 1959 , Tomasi et al. 1962 , Mackay & Ritchie 1965 , Stretton & Leeming 1964 , Turner-Warwick & Doniach 1965 . But the positive results are generally at low titre, and found inonlyaminority of cases; e.g. 11 of 34 investigated by TurnerWarwick & Doniach. It must be remembered that positive tests for rheumatoid factor are found in a small proportion of persons without overt disease or suffering from diseases other than rheumatoid arthritis; Ball & Lawrence (1961) found sheep cell agglutination tests positive at a titre of 1:32 or more in proportions of a general population increasing with age from very low levels in young adults to 10-15% in those over the age of 65. Moreover, when fibrosing alveolitis occurs in association with rheumatoid arthritis, the titres of tests for rheumatoid factor tend to be in the range to be expected for the activity of the rheumatoid arthritis; and Tomasi et al. (1962) found that, among patients with rheumatoid arthritis, those with radiological evidence of lung changes had exceptionally high titres. Thus there is little evidence to support the suggestion that rheumatoid factor may be the link between fibrosing alveolitis and rheumatoid arthritis.
Thus, if there is indeed a pathogenetic factor common to rheumatoid arthritis and fibrosing alveolitis, it has yet to be demonstrated. In spite of this, I think that such a common factor is the most likely explanation of the occasional association of these two diseases.
To summarize, intrapulmonary nodules, both of the Caplan type, and in patients without pneumoconiosis, having a histological structure similar to that of subcutaneous rheumatoid nodules, occur almost exclusively in patients with the clinical syndrome of rheumatoid arthritis; they probably have considerable overlap of causal factors with rheumatoid arthritis.
Pleural effusions in patients with rheumatoid arthritis may be associated with pleural or sub-pleural 'rheumatoid' nodules, and may have an unusually low glucose content. Pleural effusions during life and pleural adhesions at necropsy are significantly frequent in patients with rheumatoid arthritis. A relationship through common factors in pathogenesis is likely.
Fibrosing alveolitis of mural type occurs only rarely in patients with rheumatoid arthritis; but among patients with this sort of lung disease a proportion high enough to suggest more than a chance association also have rheumatoid arthritis. Although it may be that this occasional association is due to these two diseases of unknown etiology sharing a factor or factors in multifactorial causation, no such factor has as yet been identified. Clarity of communication demands that, in the present state of knowledge, these cases should be referred to in a way that conveys no implication about their relationship, beyond their concurrence in the same patient.
